The genus Pterostemon Schauer (Iteaceae), is a group of three species restricted in distribution to Mexico. It includes: Pterostemon mexicanus Schauer, P. rotundifolius Ramírez, and P. bravoanus J. Jiménez-Ram. & Martínez Gordillo. On the basis of field observations and herbarium specimens, we review the morphology (vegetative and reproductive), and distribution to give an updated taxonomic treatment for the genus. Additionally the utility of morphological characters is evaluated for taxomic use, and detailed taxonomic descriptions and ecological associations are given for each species.
Introduction
Pterostemon Schauer is a small genus of three species endemic to arid and semi-arid regions of central and southern Mexico [1] . Schauer (1847) [2] first described Pterostemon mexicanus. Schauer placed this species in its own family, Pterostemonaceae. Since then the position of the genus has been questioned and it has been placed in different families including Saxifragaceae by Baillon (1872) [3] , Engler and Prantl (1928) [4] , Erdtman (1952) [5] and Schulze-Menz (1964) [6] , Grossulariaceae by Cronquist (1981) [7] , and Escalloniaceae by Thorne (1992) [8] . Small (1905) [9] , Hutchinson (1967) [10] , Dahlgren (1989) [11] , Takhtajan (1988) [12] , and Pérez-Cálix (2003) [13] and the Angiosperm Phylogeny Group (2009) [14] support its placement as the only genus in the family Pterostemonaceae, as first proposed by Schauer (1847) . Embryological and phylogenetic analyses [15] [16] [17] have provided additional evidence in support of the recognition of the family Pterostemonaceae which has been shown to be closely related to the Iteaceae; nevertheless, according to the Angiosperm Phylogeny Group o APG III (2009) classification, Pterostemon is included into the family Iteaceae.
Ptersotemon is distinguished primarily by the combination of its woody habit, pubescent stems with lenticels, leaves with stipules, production of resin, the presence of a pubescent hypanthium, 10 stamens (5 fertile and 5 staminodia) with flattened filaments and toothed apices, and the capsular fruit containing one or rarely two seeds with endosperm. The most important characters to separate different species are the shape of the leaves, the size of the petioles, the number of flowers per inflorescences, the petals and their position during anthesis.
Natural populations of the three species of Pterostemon are usually small and highly localized, and even though usually a large proportion of flowers can be seen, in at least one of the species the production of seeds is very scarce and the establishment of seedlings is over all very low.
Material and Methods
In order to review and consolidate the taxonomic information available for the genus, herbarium material was reviewed from the herbaria ENCB, FCME, IEB, MEXU, MO, TEX, and XAL. In addition, field work was conducted to allow for collection of fresh material as well as recording of direct observations of the species in the wild. The field work was conducted in the states of Puebla, Hidalgo, Oaxaca, and Guerrero. Plant material was collected for further analysis under the Scanning Electron Microscope, phytochemical as well as embryological studies. For all the species in the genus, a taxonomic description, as well as phenological and environmental data are included.
Results

The Genus Pterostemon
Pterostemon Schauer, Linnaea 20:736. 1847. Type: Pterostemon mexicanus Schauer, Linnaea 20: 736. 1847 . crescit in montosis Mexici, ad Zimapan, Aschb. 259.
Shrubs or small trees; stems cylindrical; cortex fissured, gray or maroon, smooth or ribbed, glabrescent, lenticels present, maroon or dark gray; indumentum of simple trichomes, generally with a base of 5 -7 cells, sometimes very conspicuous, usually papillated ( Figure  1) , and with spherical glands (Figures 2-7) . Leaves patiolate, reddish with age, hypostomatic; petioles usually pubescent; stipules small, usually deciduous; blades orbiculate, sub-orbiculate, oblog-orbiculate, widely elliptic, obovate or widely obovate, membranaceous or coriaceous, apex obtuse or rounded, sometimes notched, margin crenated-toothed or toothed, sometimes revolute, glandular teeth, base rounded or cuneiform, sometimes slightly oblique or subcordate; adaxial surface green, pubescent or glabrous, abaxial surface pale, glabrous or pubescent; 3 -6 pairs of secondary nerves. Inflorescence terminal or subterminal (Figure 8 ), peduncle and rachis usually pubescent, (1-)5 to more than 50 flowers; bracteoles small, pubescent, with spheric glands on the margins. Flowers generally pedicelate ( Figure 9) ; pedicel pubescent; hypanthium conspicuous, pubescent; calyx with 5 sepals, connate at the base; lobules linear-lanceolate, deltate-lanceolate or deltate, erect, pubescent with spheric glands, valvate, persistent, adaxial surface pubescent or glabrous, abaxial surface pubescent, usually glandular; corolla with 5 petals, free, oblong or elliptic, apex usually rounded, sometimes emarginated, base unguiculate to straight, white or pink, adaxial surface glabrous or pubescent, abaxial surface pubescent, margin usually involute with erect or reflexed spherical glands; stamens 10, 5 fertile, 5 staminodia, erect; filaments flattened, apex denticulate, pubescent on both sides; anthers glabrous, connective tissue apiculate ( Figure 10) ; pollen tricolporoidate or tricolporate, bicellular or tricellular at the time the monads are freed; exine tectate, perforate, sometimes suprarrugulate. Gynoecium syncarpic, ovary inferior, 5(-6)-carpels, 4 -8 ovules per locule; pubescent on the exterior surface, styles 5, connate at different degrees, stigmas 5, lobed, glabrous; ovules crassinucelated, ana- tropous, bitegmic; tegmens of epidermic origin, tristratified. Fruit an indehiscent capsule, floral whorls persistent ( Figure 11 ). Seeds 1, rarely 2, ovoid, maroon.
Distribution and habitat. Pterostemon along with the family Iteaceae is a paleo-endemic restricted to Mexico. It is found in arid and semi-arid regions of central and southern Mexico. It comprises three species with narrow and scattered populations in the states of Querétaro, Hidalgo, Puebla, Oaxaca, Guerrero and San Luis Potosí. It can be found growing in well drained calcareous soils, in dry scrublands, tropical deciduous forest, Quercus forest, and Pinus and Juniperus forest between 500 and 2350 meters above sea level.
Open Access AJPS
A Synopsis of Pterostemon (Iteaceae), a Group Endemic to Mexico Figure 9 . Flowers of Pterostemon. A. P. bravoanus (from Carreto 678 at FCME). B. P. rotundifolius (from Vega 3 at FCME). C. P. mexicanus (from Cruz 5998 at FCME). Drawings R. Cruz. (Holotype: FCME!; Isotypes: IEB!, MEXU!). Shrubs or small trees, 1 -8 m tall; cortex smooth, young branches pubescent. Leaves petiolated; petiole 1.4 -3.5 cm long, pubescent; stipules 1.5 -2 mm long, linear, pubescent, persistent; blade 3.5 -9 cm long, 4 -7 cm wide, membranaceous, widely elliptic to orbicular, apex rounded, margin crenate-toothed, flat, base rounded to obtuse, adaxial surface glabrous, abaxial surface pubescent, secondary veins 5 -6 pairs, the most proximal pair 
1) Leaves elliptic
4 mm Figure 11 . Fruits of Pterostemon. A. P. bravoanus (from Cruz & Ponce 5899 at FCME). B. P. rotundifolius (from Vega 3 at FCME). C. P. mexicanus (from Cruz 5999 at FCME). Drawins R. Cruz.
suprabasal. Herbarium Unknown) Shrubs, 1 -3 m tall; cortex ribbed, young branches pubescent. Leaves petiolate; petiole 4 -6 mm long, pubescent; stipules 0.5 -1 mm long, linear-subulate pubescent, eciduous; blade (0.7-)2 -4 cm long, 1.2 -3 cm wide, subcoriaceous, obovate to widely obovate; apex obtuse, margin dentate or double dentate in the upper 2/3, revolute, base cuneiform, adaxial surface pilose, adaxial surface densely pubescent, secondary veins 3 -4 pairs, proximal pair suprabasal. Inflorescences 1.5 -2 cm long, in subterminal cymes, with 5 -12 (-20) flowers, peduncles pubescent; bracteoles 1.5 -2 mm long, linearlanceolate, pubescent. Flowers pedicelled, pedicels 4 -5 mm, pilose; sepals 5, (3-)4 -5 mm long, 1.5 mm wide, linear-lanceolate, apex acuminate; adaxial surface glabrous, abaxial surface pubescent; petals 5, 8 -10 mm long, 4 -5 mm wide, oblong, apex emarginated, base unguiculate, white, slightly reflexed, adaxial surface glabrous, abaxial surface pilose; stamens 5, staminodia 5; filaments flattened, wide and winged, pubescent on the abaxial surface; anthers cordiform, apiculated; pollen tricolporoidate, prolate, with the transversal colpi circular, exine tectate perforated, and suprarrugulated (Figures 13,  14) , tricellular when freed; ovary 5 locular, pubescent, 4 -8 ovules per carpel; styles 5, pubescent, free at the distal end; stigmas 5, lobulated, sometimes free. Leaves petiolate, petioles 7 -9.5 mm long, pubescent; stipules 1.1 -2 mm long, linear, pubescent, deciduous; blade 2 -3.2 cm long, 2.2 -3.3 cm wide, coriaceous, suborbicular, oblong-orbicular, sometimes slightly oblong, apex obtuse, margin dentate-crenate, generally revolute, base rounded or slightly subcordate; adaxial surface glabrous, abaxial surface pilose or glabrous, secondary veins 4 -5 pairs, the proximal pair basal. Inflorescences 2 -2.6 cm long, in terminal cymes, with 9 -22 or less than 50; peduncles puberulent; bracteoles 2 -2.5 mm long, linear, pubescent. Flowers pedicellate, pedicels 3.5 -5 mm long; sepals 5, 2.5 mm long, deltate-lanceolate, apex acute, adaxial and abaxial surfaces pilose; petals 5, 7 -8 mm long, 3 -4 mm wide, oblong, apex rounded, base slightly cuneiform, pink, white when old, reflexed, adaxial and abaxial surfaces pilose; stamens 5, staminodia 5; filaments flattened, wide and winged, pubescent adaxially; anthers cordiform, apiculated; pollen tricolporated, spheroidal, with the transversal colpi circular; exine tectated, perforated (Figures 15,  16 
Conclusion
The genus Pterostemon Schauer is included into the Iteaceae, a paleo-endemic family restricted to Mexico. It comprises three species of woody shrubs or small trees in arid and semi-arid regions. Pterostemon bravoanus is distinguished by presenting leaves with elliptic to orbicular lamina, inflorescences with more than 50 flowers, petals erect at anthesis, pollen spheroidal, and their distribution is restricted to the state of Guerrero; P. mexicanus has leaves with obovate to widely-obovate lamina, inflorescences with fewer than 20 flowers, petals extended at anthesis, pollen prolate, and distribution in the states of Guanajuato, Queretaro, Hidalgo, San Luis Potosi, and Puebla; P. rotundifolius has leaves with suborbicular to oblong-orbicular lamina, inflorescences with 2 -50 flowers, petals reflexed at anthesis, pollen spheroidal, and is restricted in distribution to the states of Oaxaca and Puebla. In all three species the fruit is an indehiscent capsule with a solitary seed.
